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EXECUTIVE SUMMARY

Carbines, G.D.; Haist, V. 018). Relative abundance, population structure, and stock status of
blue codoff south Otagoin 2013. Estimates of pot catchability and size selectivity.
New Zealand Fisheries Assessment Re[2#18/08. 69 p.

This report describes the results of the26tauh Otagoblue cod Parapercis coliak potting survey.
This is the second random site allocatmmiting survey to be undertaken in the time seriesdoith
Otaga Flown video transects were also done prior to potting at six survey sitegvalaation othe
size selectivity and catchability of survey pots.

The 2013 potting survey used a twphase stratified random site design with six sites per stratum
randomly allocated for phase 1. BetwéeApril to 17 May 2013, forty potting sites were surveyed (6
pots per site 240pot lifts) fromsix strataoff south OtagoDuring phase 1,16 pot lifts were completed
(90%) with 24in phase 2. The total blue cod catch wa87kg, consisting 02397blue cod Mostfish
hadgonads intheearly maturing stagebutconsiderably more offshore fish hsygentgonadsndicating
spatial variability in the conclusion epawning.

Stratum catch rategor blue cod of all sizesanged from @ to 13.7kg.pot* with an overall mean catch
rate of6.24kg.pot! and coefficienof variation CV) of 19.9%. Stratim catch rates of legal size blue
cod (3 cm and over) ranged from7to 12.8kg.pot!, with an overall mean catch rate®f kg.pot*
andCV of 23.0%. Catch rates were highedt the Toko river moutlin open water beteen 50m and
80 m deepand lowestlong the coast of the Otago Peninsiilairty-sevenpercent of blue cod caught
from five inshore strata (i.e., below 80 m deptixceeded the minimum legal size (Mt3 cm and
over), but 72% of blue cod from the offshaatum {.e.,over 100m depth)exceeded the MLS

Total length ranged frorti3 to 55cmamong the fivénshorestrataandfrom 12 to 53 cm in the offshore
stratum Length frequency distributions shamusually large numbers of small blue codi@8cm)at

the four most southern inshore strata (excluding the Otago Peninasta®rdstrataalsohad similar
size structures with few blue cod ovés @m, except for the southeinshore50i 80 m depth stratum
where larger blue cod were fourithe length fregency distributions from the offshore stratinad
proportionatelyfewer fish below 30 cm and a relatively higher proportion of fish over 45Maies
were larger than females in all strata and overall mean lefgtishore stratavas 3.4 cm for males
and24.1cm for femaleswhile the mean length of the offshore stratuas 37.9 cm for males and 32.1
cm for femalesThe overallsex ratio forinshore strata was skewed in favour of males for both all fish
1:0.8(M:F) andlegal size fisi{1:0.3) However, tle offshore stratum sex ratio was skewed in favour of
females for both all fish (1:1.3) and legal size fish (1:1.1).

Otoliths were prepared and read fat6dmales and 29 femalesfrom the fiveinshore strata, and 89
males and 111 females from the offshetetum. hese were used to constrisetparateagelength
keysfor inshore and offshore areas, amplied to the scaled length frequency distributions to estimate
the population age structure for each $aghore gesranged fron? to 32 years, but modish were
between3 and11 years for males an8 and6 years for females. Mean agehorewas8.4 years for
males and.1years for femaleffshore ages ranged from 1 to 29 years, but most fish were between
7 and 15 years for males and 8 and 12 yeartefoales. Mean age offshore was 11.2 years for males
and 9.9 years for females.

Total mortality estimatesZ] for age at recruitment from 5 & years ranged betweenil8.and 025

for the inshore strafaand betweer®.13 and 0.2Xor the offshore straim. The subsequenspawner
(biomass) per recrurtatio (SPR)usingthe default M value of 0.1#as57%for the inshore strata and

74% for the offshore stratunlhesevaluesindicatk that at the current level of fishing mortality the
expected contributiorotthe spawning biomass over the lifetime of an average recruit has been reduced
to 57 (inshore)and 74%(offshore)of the contribution in the absence of fishinghe$elevels of
exploitation (F)arewell within the Ministry of Fisheries target referenasrg of Fuse for blue codand
indicatesthat the current level of fishing &ceptable for aburveyedareas of south Otago
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Survey comparison

Since thdnitial three strataandom site potting surveyf south Otagen 2010(18 sites,108pot lifts),
the overall catch rates for all and legal sized blue cod imzreased by2% and76%, respectively
among equivalent strata tife 20B survey Therewasan increase in catch ratisall strata but he
overallincreasen catch ratesvas drivenmainly by thesouthern inshore stratum (D m depth) off
the Toko river mouthThe overall C\éfor the 20B survey catch ratagsere marginally higher than the
overall CVs from the 2018urvey

The percerggeof blue cod caughthatexceeded the ML$ thethree comparable strata of tR2€13
survey #9%) hadmore than doubledince the2010survey @1%), andthe orverall mean lengtihad
increasd by 8.6 cm for maleand7.6 cm for femaleswWhile overall sex ratio changed little between
surveys male dominance haiticreased along the coast of the Otago Peniredialecreased to the
point of female dominance in the deep water offsistr&tum.The overallmean agéncreasedy 0.6
years for males ar@l3years for femalebetween the surveymdZ estimatesvere lover in 2013 The
overallSPR(M=0.14) increased 2% between survey® a level 61%) that suggests fishing pressure
is adequately constrained in south Otago

Catchability and size selectivityf survey pots

Four tofive flown drop underwater video (DUVJansects were conductetisix sites immediately
prior to settingthe type 2 survey po{®=6), for comparisons of size selectivity and catoitity. The
DUV system surveyed a total area4sf 100 m? and 2777 blue cod(5i 50 cm) were recordedPots
subsegantly caught478blue cod(15i 54 cm). Compared to the DUV, the pataught proportionately
more blue cod ove30 cm and less undd© cm. Although only six sites were surveyetletestimated
density of blue cod from video transects lzaghuch strongerrelaionship with potcatchesn Otago
than in other survey areasiggestinghat catchabilitynaybe spatially variable

Habitat Preferences of blue cod

The ratio offish-dependent and fisindependentideohabitatobservationsevealedhat Hue cod were
observed disproportionately mooéten on shell grit/gravel, sand/shell grit/gravel and sand/shell grit
with horse mussels and/some form opongeHorse mussels and sponge were also the most common
habitats observed in the benthic environment surviey@dagothese habitatappear to be particularly
important to small blue cod, and are tiiely to bethe driver of some of the highest abundance
estimates of blue cod ever recorded
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1 INTRODUCTION

Blue cod(Paraperciscoliag) is a particularly desable finfish caught easily by line or pahdis the

most frequentlyanded recreatiomapecies in the South Islaflinistry for Primary Industrie017).

Blue cod is also an important species for Maori customary fishers in all areas, but the gaobwgu
Tagging shows that ost blue cod have a restricted home range (Rapson 1956, Mace & Johnston 1983,
Mutch 1983, Carbines & McKenzie 2001, 2004), and stocks of this species largely consist of many
independent subtocks within each Fisheries Managema&rea (FMA) (Carbines 2004apue to this
philopatric behaviouhlue cod may bespecially susceptible to localised depletion within subareas of
FMAs, and in response to local fishing pressteereationadaily bag limits vary within South Island

FMAs (Ministry for Primary Industrie2017).

Commercial hue cod catclalong the east coast of the South Isla8B@® 3 has been constrained by a
relatively small total allowable commercial catch (163 t), and accounts for only 7% of BCO quota
nationally(Ministry for Primary Industrie2017). However, BCO 3 &as beervercaught by up to 20 t

in most years since 20034 (Ministry of Fisheries 207). Estimates of therecreational blue cod catch

for BCO 3 have been highly variable (1052 t) but the most recerstimate in 2012101 ) suggests

that BCO 3 is a shared fishery with similar amounts of harvest from the commercialoand
commerciakectors.

Within BCO 3 there are currently three areas where recreational minimum legal size (MLS) and daily
bag limits have been varied (i.e., Otago, north Canterbury and Kaikdinistry for Primary Industries
2017). However, unlike north Canterbury and Kaikoura, neither the MLSc(8pnor the daily bag
limit (30 fish) has been altered within the Otago dkiaistry for Primary Industrie®017). Therocky
area offsouthOtago supporting blue cod is not extensive, but consists bfibsihore and offshore
areas (See Figure.Tjor some timeacreational fishersave beerroncerned aboueporteddeclines

in catchesand sizes of blue cdd theOtago area, ananincrease in the number Gfanterbury based
private recreational and charter boats operating in théhascleen blamg@outh Marine Recreational
Fishers Advisory Groupers. comn). Local recreational fishes are concerned that lowering the blue
cod bag limitdownto 10 per dayn north Canterbury, 6 per day in Kaikoura, and 2 per day in the
Marlborough Sounds (BCO 7), hessuledin atransfer offishing effortinto the Otago regian

Ministry for Primary Industries potting surveys

To monitor South Island blue cod populatigheMinistry for Primary Industries undertakeg@adrennial

series of potting surveys generateelative biomass estimatieskey recreational fisheries within all three

South Ishnd FMA Theseincludethe Marlborough Sound&aikoura, MotunauBanks Peninsuljaorth

and soutlOtagq Dusky SoundFoveaux Straitand Paterson InléMinistry for Primary Industrie2017).

These surveys provide relative abundance indices as wellf@sation on population size/age
structure, mortality estimates, and sex ratiodusemonitor blue codstocks In addition to catch rate
information, monitoring age structure providgmasiblaneans of evaluating the response of a population

to changesn fishing pressure. Otoliths collected during potting surveys are usealcigate the age

structure of blue coih differentareas othe South Island. Subsequent estimates of total morta)ifgr

each survey are based on catch curve analysis (RiBk&) of the age distributiomierived specifically

for each survey; thus is possible to dtermine stock status using an M&¥ated proxy. For blue cod

there is insufficient information to estimatexds for those populations supporting local recreaio

fisheries in part becausecreational catches have not been estimated relaidynostlikely represent

a significant proportion of the total catdfusy is a more appropriate reference pointrf@naging such

blue codpopulations,and the most wilely used proxy for fsv currently is from spawner per recruit
analyses (spp. Hence, weare interested in where fishing mortaligerivedfrom the catch curve

analysis (Z) and estimatesMf lies in relation to the recommendEgywsprreference poinfior blue cod.

This is documented in the Ministry &isheries Oper at i onal Guidelines for
Strategy Standard6é (Ministry of Fisheries 2011).
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SouthOtago2010 potting survey

The 2010 south Otago potting survey was the first in the 8eries for this area. However, the 2010
survey design was experimental, comparing random with fixed site sampling, and also directed with
systematic pot placemefBeentjes & Carbines 201 Tjhirty six sites were successfully surveyed from

three stratdstrata 1, 3, and 6 in Figure dff Otago Peninsula andoKo river mouth between April and

June 2010. Within each stratum, six fixed and six random sites were sampled, and at each site six pots
were set, three using directed pot placement and threesysitegnatic pot placement, resulting in 108

pots from each placement method and 216 overall. There was no phase 2 component to the survey. A
total of 2573 blue cod (1349 kg) was taken on2@&0south Otago survey. Blue cod comprised 97%

by weight of the atch of all species on the survey. The overall sex (&i&) was1:0.4for all blue

cod, and1:0.2 for fish 30 cm and over. Both lengthsttibution and catch rates were substantially
different between fixed and random sites #mely wereanalysedsepartely. However, here were no
significant differences between pot placement methods in south Gtadata from all six pots per site

were combined in the analyses. The blue cod examined were not spawning at the time of the survey.
Otoliths were preparedid read for 324 males and 243 females and these were used to construct a single
agelengthkey for the survey, applied to both fixed and random sites independ8etinties &
Carbines 2011).

Blue cod caught from fixed sites were on average larger tloge from random sites, and thésulted

in lower Z estimates, and higher F%SPR values in fixed sites. The overall catch rate frositeged

was more than double that from the random sited sirvey precision for random sites wasmparable

to those fo fixed sites(Beentjest Carbines 2011 total of 434 kg was taken from random sjtasd

the overall sex ratio (M:F) wak0.5 for all blue codat random sitefOverall mean catch rates were
4.4Kkg.pot! (CV 17.8%) for all blue cod and 2kgy.pot* (CV 22.5%) for recruited blue cod (30 cm and
over).Size ranged from 16 to 59 cm for males and 11 to 49 cm for females. The scaled length frequency
distributions for males and females were unimodal with mean lengths of 29.0 and 23.7 cm respectively.
Overall21% of blue cod were of minimum legal size (30 cm and over). Length frequency distributions
for both sexes were also strongly skewed to the right. The estimated population age distributions were
generally unimodal with the main peak at about six yearsnédes and four years for females. Most

fish (males and females) were between four and eight years old. Mean ages were 7.8 yeaysansd 6.0

for males and females respectivéifnie mortality estimate&| are between 0.26 and 0.28 (0.28 for age

at full recruitment = 6 years)Based on the default M of 0.14, the F%SPR was estimatBeh at
indicating that the expectedntribution to the spawning biomass over the lifetime of an average recruit
has been reduced to 398fthe contribution in the absencefighing (Beentjes & Carbines 2011).

Potcatchesrerses underwatebservations

The basic premise of potting surveys as long term monitoring programitineg thispassive capture
methodprovidesestimats oftherelativeabundance and size structure loigbcod populationgiithin the
survey areas

However, a review of the blue cod potting programme recommended that this premise requires further
validation(Stephenson et al. 2009)ifferent methods have differesizeselectivity and catch rates, and

size composition from potting can diffeoth between pot types (Beentjes & Carbines 2012, Carbines

& Beentje2012, Carbines & Haist 2@h) and withother methods such as line fishing (Carbines 1999
2008.

Pot catches have"aweak" andhighly variable and largely unexplained relationship with counts from

diver transect¢Cole et al. 2001)and continuous video recordings of blue cod entries aitsl feom

pots show that less than 8% of approaches lead to entries, and that local topography can constrain pot
entries in some situations (Cole et 2004) Comparisons of remote flown video transects done
immediately prior to pottinglso show &igherproportion of small blue cod observed tiveerecaught

andthe relationship betweepot catch andvideo couns (i.e., catchability)has often been poor and

highly variable over time and/or location (Beentjes & Carbines 2012, Carbines & Beentjes 2012,
Carlines & Haist 2014, 20& 2017b). To further investigate the relationship between potting survey
catch ratesnd size structure with direirt situ video observations of blue cod, the Z%outh Otago
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potting survey employed fish counts frdiwe replicatedrop underwatevideo (DUV) flown transects
immediately prior tesetting six pots at a target of 10 survey sites.

Overall objective
1. To estimate relative abundance, maturity state, sex ratio, and age structure of l{learapdrcis
coliag) off south Oaga

Specific objectives
1. To wundertake a potting survenff south Otagao estimate relative abundance, siaad age at
maturity, sex rati@and ollect otoliths from prerecruited and recruited blue cod

2. To analyse biological samples collected frorstpotting survey.

3. To determine stock status of blue cod populations is dinea, and compare with other previous
surveys in this area and other areas

4. To undertake a Dropped Underwater Video (DUV) survey concurrently with the potting survey to
provide ®mparative estimates of biomass.

2 METHODS

In this report we use only the terms and methods defined in the blue cod potting survey manual (Beentjes
& Francis 2011), but note that surveys carried out before this manual was written, may have used different
and inconsistent terminology (see Appendix 1).

2.1 Timing

Thepreviouspotting surveyfor thesouth Otago areaasdone in autumn, bytrotractedy bad weather
from 21 April to 5 June 201(Beentjes& Carbines2011). To continue theandomsite survey tire
series forsouth Otagawith minimal temporal (seasonal) variability between surveys2@i8 south
Otagopotting surveywas also done in autumn, tdwnefrom 5 April to 17 May 2013 due to mainly
calm weather

2.2 Survey area

Prior to the 2010 fixed andndom site potting surveyfig south Otago survey area was defined after
discussions with local recreational atmmmercial fishers. Fishers were given charts of the area and
asked to mark discrete locations arowodth Otago where blue cod are commardught.Based on

this the survey area was divided iritee inshorestrata (two coastal strata and thre@ @Dm depth
strata)andoneoffshore straim (100 200 m depthat the headf several canyons (Figure. The area
(km?) of each stratum was takes a proxy of availableabitat for blue cod.

2.3 Survey design

The2013 south Otag@andomsite potting survey used a typhase stratified design, using six pots per
site(Table ) and sites at lead000 m apart(Figurel). Six sites per straim (n=36 siteg 216 pot lifts)
were allocated tosix stratafor phase ondgTable 1), and a additionalfour sites(24 pot lifts) were
allocatedn phasewo (10.4%).
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Allocation of phase 2 sites was based on the mean catch rate tkgpall blue cod per stratuand
optimised using the fAarea mekthiswayyhasee2dkites weset h o d
assigned iteratively to the stratum in which the expected gain is greatest, where expected gain is given
by:

expected gair area® mean?/ (ni(ni+1)) (1)

where for thath stratummeanis the mean catch ratareq is the area, and is the number of sets in
phase 1. In the iterative application of this equatiprs incremented by 1 each time a phase 2 set is
allocated to stratum Pots weralways allocated in groups of six which equates to one set.

2.4 Vessels and gear

The 2013 south Otago pottingurveys were conducted from F.VTriton, alocal commercial vessel
equipped to set and lift rock lobster and blue cod pots. The vessel was blgeBtdtivateiScience Ltd
and skippered by the owner Meil McDonald The vessel specifications ard:rh length4 m breadth,
12t, woodenmonohull, powered by 820hp diesel engine with propeller propulsion. The trip code for
the survey wa3RI1302.

Six custom designed and built cod pots were used to conduct thesiroegpecifications were: length

1200 mm, width 900 mm, depth 500 mm, 30 mm diameter synthetic inner mesh, 50 mm cyclone wire
outer mesh, entrances 4 (Pot Plan 2 in Beentjes & Frantiy.Z®ots were marked with a number from

1 to 6, and baited with paua guts in fAsnifter p
each day. The same pot design and bait type were used in all previous South Island blue cod potting
survey tine series except Marlborough Sounds, where the pots used are of different dimensions and
construction (Pot Plan 1 in Beentjes & Francis 2011).

A high-performance, &xis (3D)acoustic doppler current profiléRDI - 1200 kH2 was deployed at
each site. TG ADCP records current flow and direction in 5 m depth bins.

2.5 Sampling methods

The ADCP was initially deployed at the random point generated aound this central point, six pots
were set sequentially in a fixed hexagon pattern with each point {gmt)>amately300 m from the

centre an®00 m from adjacent pots. The six pots were set blind (i.e., not targeted by sonar) in the fixed
grid pattern determined from an initial starting point approxima®ély m north of the random site
location occupied bthe ADCP.

Potswere left to fish (soak) for approximately one hour during daylight hours. After each site was
completed (six pot lifts) the next closest site in the stratum was sampled. While it was not logistically
possible to standardise for time of daytides, each stratum wasuallysurveyed throughout the day,
collectively giving each stratum roughly equal exposure to all daily tidal and time regimes. The order
that strata were surveyed depended on the prevailing weather conditions, as expaseausdranly

be surveyed during calm conditions.

As each pot was set, a record was made on customised forms (See Beentjes & Francis 2011) of pot
number, latitude and longituddepth, time of day, and standard trawl survey physical oceanographic
data, intuding wind direction, wind force, air temperature, air pressure, cloud cover, sea condition, sea
colour, swell height, swell direction, bottom type, bottom contour, sea surface temperature, sea bottom
temperature, wind speed, and water visibility (sedefith). The ADCP was deployed at the centre of

each site to record current speed and direction throughout the pot sets

Afteronehowypot s were | ifted aboard using the vessel 6¢
sorted by species. Total weéigper pot was recorded for each species to the nearest 10 g using 10 kg
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Merel motion compensating scales. The number of individuals of each species was also recorded per
pot. Total length down to the nearest centimetre, sex, and gonad maturity wereddoorall blue

cod, and theagittalotolith removed from a representative size range of males and females, from which
the weight of each fish was recordamlthe nearest 10 g.t@iths were removed from a target of five

fish of each sex per one centingeiize class over the available length range collected throughout the
entiresurvey area

All blue cod were sexely dissectiorand direct examination of the gonads (Carbines 20Gtaads

were also recorded as one of five stages as followsmiatureor resting; 2, maturing (oocytes visible in
females); 3, mature (hyaline oocytes in females, milt expressible in males); 4, running ripe (eggs and milt
free flowing); 5, spentSee Beentjes & Francis 2011).

2.6 Otolith preparation and reading

Due to the snihsize of blue cod otoliths, the most precise method for ageing is the thin section
technique (Carbines 2004b). Collected otoliths were rinsed with wateltied; and stored in paper
envelopes. These were later embedded in Araldite polymer resin,, mk@ddectioned along the
transverse plane with a diamatigped cutoff wheel. Sections were then coated with a slide mountant
and sanded with 66€rit sandpaper to below 1 mm thickness before viewing. Sections were observed
at x40 andx100 magnificatiorunder transmitted light with a compound microscope.

Otolith sections exhibit alternating opaque and translucent zones and age estimates are made by
counting the number of annuli (opaque zones) from the core to the distal edge of the section, a technique
previously validated and a protocol described for blue cod by Carbines (2004b). Translucent zones are
used to define each complete opaque zone, i.e., annuli are counted only if they have a translucent zone
on both sides. The readability of each otolith \aé&s graded from 1 (excellent) to 5 (unreadable).
Otoliths were read independently by two readers (G. Carbines and N. Usmar). Where counts differed,
readers consulted to resolve the final age estimate. Otoliths given a grade 5 (unreadable) were removed
from the analysis.

2.7 Data analysis

The data analyses follow the methods and equations described in the blue cod potting survey standards and
specification document (Beentjes & Francis 2011).

CPUE for fish ofminimum legal size

The potting survey manual e not provide equations for calculating catch rates of fish greater than the
minimum legal size (MLS), however the approach that has beeimuseent yearss an extension of the
eguations for calculating catch rates for the entire c&ohblue codpotting surveys, individual fish

weights are measured for only a subset of the sampled fish, and catch rates for fish greater than or equal
to the MLS are based on the predicted weight of individual fish based on their length.-$pecsit

CPUE (kg.pat) for fish greater than the MLS is,

. .. . 0
Cls?gal :ﬁ a a.flkpstaqu ;/m (1)

C p k121 MLs

wherefipstis the number of fish of lengtrand sex (k=1 for males an#i=2 for females) caught in pot

p of sets of stratumt, mis the number of pot lifts in setanda, andh, are sexspecific lengthweight
parameters (described belowote that the above equation assumes that all fish have been measured
for length.
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The sexspecific lengthweight parametersy, bk are calculated by fitting (maximunikélihood) the
following equation to all samples where length, weight, and sex were recorded:

W, =3, (1 )h( Ei )

wherewy andly are the weight and length of fistof sexk and thes, are nomally distributed.The

equations for calculating the stratum and survey catch rates and CVs for fish greater than or equal to
the MLS follow those in the potting survey manual (equatidits & Beentjes& Francis 2011),

replacingC,, with Ct% .

Length frequency, age frequency and total mortality estimates

Calculation of surveyevel length frequency (LFs), age frequency (AFs), and total mortZ)ifyplow

the equations described in the potting survey manual (Beé&nkeancis 2011). Uncelitay in the LFs,

AFs andZ estimates were calculated using the bootstrap procedures described in the survey manual.
The LF and AF CVs were based on 300 bootstrap replicates aAddméidence limits were based on

1000 replicates.

Growth parameters
Von Bertalanffy growth models were fitted (maximum likelihood) to thegmacific lengthage data:

o= (L expK, te 1)) ed ©

wherd,, andt, are the length (cm) and age of fistf sexk, respectivelyL; ,K,, andt, areparameters
of the growth model for sei and thes, are normally distributed.

The estimated growth parametdss,K,, andt), were used in the spawning biomass per recruit
analyses.

Spawning biomass per recruit calcutais

Spawning biomass per recru8®R Ministry of Fisheries 2011) analysis estimates the impact of fishing
on the reproductive capacity of the stoSRRis a deterministic calculation, dependent on population
growth, natural and fishing mortality, maation, and fishing selectivity. For blue cod, the calculations
are based on agand sexspecific dynamics and spawning biomass is summed over male and female
fish. The following equations give the number of fish ataged seX (N«s) and the spawningdemass

per recruit &) for a givenF:

&
%0.5 a=0
Nka:{Nk,a-leXp( _SK,a-lF M) 1 @ mﬁg‘ (4)
|
N . exp(- ScasF -M) _
1[ ka1 1 %exd -g(’a_lF M) a=mage
=3 A3 2 5
s-=a &ma(l)" N 5)

whereM is the natural mortality rates_, is the selectivity for agaand sexX, m, is the matuity for age
a, |,is the mean length for ageand sex, mageis the maximum age (50) arggl andb_ are the length
weight parameters for séx(see equation 2F«spris the fishing mortality (F) at a given spawning
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biomassper recruit (%SPRJ}elative to the spawning biomass per recruit in the absence of fishing

(ie.s/9).

Population parameters are either estimated based on survégddia, a, andh, ) or fixed at default

values as specified in the potting survey manual: the instantaneous natural mortality rate is assumed to
be 0.14, with sensitiyt analysesconducted forM values of 0.11 and 0.17; the maturation ogive
assumes fish urd age 3 are all immature, proportions mature of 0.1, 0.4, 0.7 for ages 4, 5, and 6,
respectively, and 100% maturity for fish aged 7 and older; and fishery selectivity is assumed te be knife
edgel at the age at MLS. The estimate of current fishing moytéfj is equal taZz-M, and the SINS

working group determinethatthe age of recruitmentfor the Z calculations would be the age where

both male and female blue cod were at or above the. MlaBdSPRresults are also provided for ages

at recruitment frond throughto 10.

Note that the above equations assume that the surveys which generate thagerdsta (andon
Bertalanffygrowth curves) occur at the time of spawningtsat a fish aged 3 is exactly 3 years old.
Also, knife-edged fishery selectivitig interpreted to mean that agesses become fully selected when
they reach the birthday where their mean leragthge is greater than or equal to the MLS. Alternative
interpretations of knifedge selectivity are possililéor example, assuming fudkelectivity at the exact
age where the mean length is equal to the MLeES {ull selectivity at some migboint in the year).

2.8 Pot catches as a proxy for abundance and size structure

To determine how wellatch from potting surveyserforms as proxy br relativeabundancend size
structurewe attempted t@stimate blue codbundance angopulationstructureusingremotely flown
video transects immediately prior to potting at up to ten ssitey.

Sample collection

Thedropunder water video (DV) systemusedconsists of a 35 kg bulb keel and tail fins which steady
and orient a forward and downward facing mounting platform, fitted with digdwcamera and scaling
lasers(Morrison & Carbines 2006, Carbines & Cole 208&entjes & Carbines 201Zarbines &
Beentjes 2012Compton et al2012,Carbines & Haist 2014, 204,72017b). It was suspended beneath
thevessel by a rope and a lieed video cable so that location, time, depth, and date were all burned
in real time onto the recorded digitatlgo footage integrated with a surface Geographical Positioning
System (GPS) and depth sounder.

The video camera was deployed at a height of at least 1.5 m off the seabed and the vessel steamed
through the sample area. Once the speed of the surfacearssatied that of the deployed video, the

keel and tail fin orients the platform forward, and the video records a transect of approximately 600 m
length. Contact with the seabed is avoided by raising and lowering the video from the surface vessel
throughaut each transect and scaling lasers are used tedadémiate the size and variations of transect

width. Transects were carried out between 0700 and 1630 hours, when the swall waie than a

meter, and when drift speed exceeded 0.8'1fte prevent fsh being able to follow the video and re

enter the video transect). At least five replicate video transects werthdounghoutt eactsitedirectly

prior to sampling with six replicaeots (as described in Section 2.5).

Video analysis

Each video trasect was processed (viewed) twice. On the first viewing, transect dimensions were geo
referenced and partitioned into general benthic habitat sections. All blue cod weedegenced and

scaling lasers were used to estimate fish length (Morrison & Gal2006, Carbines & Usmar 2013).

At the location of each blue cod, a benthic habitatteafisect was sampled (approximately 5 m before

and after the fish observed). During the second viewing, each section of general habitat was sampled
with at least fivesequential suliransects to record transect width from scalasgrs and provide fish
independent descriptions of benthic habitat. Both-dishendent and fisindependent habitat sub
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transects recorded primary (geological) substrata (categories ofsgraifrom sand to bedrock) and
secondary habitat structure (categories of overlaying orgageatogicalbenthic habitat)percentage
cover (e.g., shells, sponges, maaftgae, etc.) topographic complexity and actual counts of benthic
species where posde.

Data analysis

Abundance estimates from DUV transestsre examinedn relation tocatchso asto compare the
catchability of survey pet Where appropriate correlations were made between abundance and catch,
proportionallength frequencieserethencomparedetween these methods to examine size selectivity
(Cole et al. 200IMorrison & Carbines 2008Beentjes & Carbines 2012, Carbines & Beentjes 2012,
Carbines & Haist 2014, 20&,72017b).

3 RESULTS

3.1 Sites surveyed

Fortyrandonsites (6 pots perts, 240pot lifts) were surveyed oveineteerfishable days frord April

to 17May 2013 (Table 1, Figurd andAppendix2). The survey used6 sitesin phase 14 per stratum)

with 4 allocated to phase, Bepth ranged froni4 to 151 m (Table 1).Environmental data recorded
throughout th&013 southOtagosurvey are presented in Appen8iand are stored on the Ministry for
Primary Industries databasawl. The ADCP data is archived in a spreadsheet with the Research Data
Manager, NIWA, Greta Point, Wellgjton.

3.2 Catch

A total of 2454kg of catch was takesturingthe 20B south Otag@andomsitepottingsurvey, of which
1287kg (98%) was blue cod, consisting 2897fish (Table2). Bycatch includedour fish speciesone
octopus specieandonecrab specig(Table2). The five most common bycatch species by weight were
octopus Qctopuscordiformig), tarakihi (Nemadactylusnacropteru} scarlet wrass (Pseudolabrus
mileg, red cod Pseudophycis bachysandbandedyrasse Notolabrusfucicold) (Table2).

Themean catch rates of blue cod (all sizes) ranged @@@kg.pot! for the coastal Otago Peninsula
stratum(1), to 13.65kg.pot!in the southern SB0 m deph stratum(6) off the Tokoriver mouth(Table

3, Figure2). Overall mean catch rate aG¥ were6.24 kg.pot* and19.88%. For blue cod @cm and
over (local minimum legal size) the highest catchiss came fromstratumé (12.8kg.pot!) and the
lowest catch rates were also fratnatuml (0.70 kg.pot?). Overall mean catch rate a@y for legal
sizedfish were5.06kg.pot! and23.0(Table4, Figure2).

3.3 Biological and length frequency data

All of the 2397 blue cod caught durinthe 20B south Otagaandom sitesurveywere measured for
lengthandsexedby dissection and visual examination of gongeigure3).

Sex ratio

For all blue cod the sex ratio ranged from.1(01:F) in the Otago Peninsula stratufh) to 11.4 in the
central 5080 mdepthstratum(5), and overall wer&5% male(1:0.8) (Table5). The sex ratio for blue
cod D cm and over @cal minimum legal size) ranged fron®1: (M:F) in the inshoresouthern coastal
straum(2) to 1:1.1(M:F) in the offshorestratum(3), and was overall3% males (1:@) (Table5). Sex
ratiosof legal size blue codlerealsofemale dominated in the offstestratum 3but notin theinshore
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straum (5). The size of blue cod ranged frdrAto 50 cm for females and@lto 55 cm for malegTable
5).

Length frequency

The length frequency distributions wariéenbimodalwith a dominant modef small fish 11 22 cmj
amongall inshorestrataapart fromthe Otago Peninsuleoast(Figure 3). Thirty-sevenpercent of
inshore(5 strata)plue cod caught weref legal sizeand72% ofthose in theoffshorestratumwere of
legal size

Biological data

Of the2177blue cal examined in théve inshore strat®®1.4% of themales an®6. 70 of thefemales

had early maturing gonadand only 0.6 of males an@.1% of females were either spawning or spent
(Table6). Of the 220 blue cod examined in the offshore stratum, 93. #eahales and 46.4% of the
females had early maturing gonads, but 4.3% of males and 45.6% of females were either spawning or
spent (Table 7).

Otoliths and individual fish weightsvere taken fron805 blue codselected across the available size
rangethroughout thefive inshore survegtrata and from 20 blue cod selected across the available size
range throughout the offshore stratufie surveywide lengthweight relationship analysis included
240females (rang&2i 48 cm) and265males (range@ 55cm)from all strataUsing the derived model
W = al®, the lengthweight parameters fosouth Otagdn 2013 were: males a = 0.008472 b =
3.19011 females a=0.008617 b=3.1863

3.4 Ageing (between reader analyses)

From 334 otoliths collectedrom the five inshore strataluring the 203 south Otagsurvey,29 were
rejected as unreadable or damaged, lea®0tptoliths (176 males Bi 55cm, 129 femalesl3i 48 cm
(Table8)). These otoliths were collected acrossirmhorestrata(Appendix5). Initial indepermently
derived reader estimatefotolith age class are compared in Figdand showb8% agreement between

the two readers, with reader 2 generally estimatligitly lower age classes than readdtabulated

in Appendix5). When the differences betweage class estimates were resolved by agreement between
the readers, reader 1 wa6% consistent with the agreed age clasdreader 2 wa84% consistent

with the agreed age classes (Figlyédppendix6).

From2021otoliths collectedrom theoffshore ratum(3) during the 203 south Otagsurvey,only one
wasrejected as unreadable or damaged, lead@ptoliths 89 males ¥i 53 cm, 111femalesl2 47

cm (Table9)). Initial independently derived reader estimates of otolith age class are comparedén Fig
5 and showd%% agreement between the two readers, with readgai®estimating slightly lower age
classes than reader 1 (tabulated in Appeiidi¥Vhen the differences between age class estimates were
resolved by agreement between the readers, réasles85% consistent with the agreed age class and
reader 2 was0% consistent with the agreed age classes (Figukppendix8).

3.5 Growth

The cumulative distribution for length and age of blue cod fiteen2013 south Otago inshore strata
and offshore tsatum are shown in Figure 6The fitted von Bertalanffy growth models for thee
inshore stratare shown in Figur@, and the growth parameteis, t, and Ln) shown below.

Inshore Males Females
Parameter

K 0.0908 0.0922
To -1.5703 -1.8841
Linf 56.8 50.1
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The fitted von Bertalanffy growth models for thel30offshore stratum (3re shown in Figur8, and
the growth parameter&(t and Lns) shown below.

Offshore Males Females
Parameter

K 0.1305 0.1208
To -0.8439 -1.24%
Lint 51.7 47.1

The fitted von Bertalanffy growth models for thel2Qotal survey areare shown in Figur@, and the
growth parameters${( to and Ln;) shown below.

All strata Males Females
Parameter

K 0.1034 0.1085
To -1.2828 -1.4339
Lint 54.8 48.2

A comparison of inshore and offshore male and female von Bertalanffy growth curves is given in Figure
10.

3.6 Length and age composition

The scaled length and age distributionstfar five inshorestrata are shown for malesadfemdesin
Figurell Length frequency distributionsere bimodal,with a very dominat mode entred at about
21i 22 cm for both males and femalesaleswerelarger than femalesy an average of 6.8 c(Rigure
11). Among the five nshorestrataage ranged from2 to 32 years (Tabl), butwith veryfew fish older
than B years(Figure 11) For bothmalesand females thdominant agelass vas4 years(Figurell).
The mean weighted coefficients of variation (MWCVs) aroundribRorestrataage distributions are
moderate (about 30%) indicating that fish sampled in the 20Inshore strata provide a fair
representation of the overall populatidrhe inshoreagelengthkeys (ALKS) by sex are shown in
Appendice® and10, meanageatlength is shown in Appendik3.

The scaled length and age distributionstfar offshorestraum are shown for maleandfemalesin
Figurel2. Length frequency distributiongerealsobimodal,butthe dominat length modevascentred
at about 40 cnfior males and 33 cm for femalesaMswerelarger than femalelsy an average of 5.8
cm (Figure 12). Offshore, ge ranged froni to 29 years (Tabl&), butwith morefish older than %
years compared to the inshore strata (Figure A@) maleshe dominant agelass vas10 years, but
for femdes it was three year@igure 12). However, themean weighted coefficients of variation
(MWCVs) around theffshore surveyge distributionsverevery high(over60%) indicating that fish
sampled in the 2@Loffshorestratumprovide a poor representatiorof the overall populationThe
offshoreagelengthkeys (ALKS) by sex are shown in AppendicEs and 12, meanageat-length is
shown in Appendid 4. The scaled length and age distributionsdibistrata arelsoshown for males
andfemalesin Figurel3.

3.7 Total mortality (Z) estimates
Total mortality estimatesZ) for the 20B south Otagopotting survey was calculated using the

ChapmarRobson estimatowith 95% confidence intervalr these estimates based on a bootstrap
procedureFor the fiveinshore stata estimatesof Z increase with the assumed ageecruitment to
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the fisheryfrom 018at5 years to ®5at10years (Tabld.0). For the offshore straturd alsoincrease
with the assumed age-recruitment to the fisherfrom 0.13 a5 years to 0.2kt 10 years (Table 11
For all strata, thestimatesf Z increasdrom 0.17 ab years to 0.24 at 10 years (Tablg.12

3.8 Spawner per recruit analyses

The age and sexspecific values for fish size, maturity, and selectivity used in the SPR analysis are
given in AppendixL5 forinshorestrataand Appendix 16 for offshore strata.

Spawning biomass per recruit analyses is plotteth&PRversus fishing mortality ratéor the five

inshore stratgFigure 14), the offshore stratum (Figure 15), and all stréagure 16) Mortality
parameters used in the analyses, and resdiBgRvalues are showin Tables 13/ 15. For the inshore

strata (lased on the default value Mifof 0.14 anda fully-selectedageof 9 year), the fishing mortality
estimate was 0.22, corresponihg to a spawner biomass per recruit ratid 57% at M=0.14 This
indicates that at recent levels of fishing mortality, the expected contribution to the spawning biomass
over the lifetime of an averageshorestratarecruit has been reducedabout57% of the contribution

in the absence of fishingnshoreFysprestimates foM values of 0.11 and 0.Ianged fromd2% to

73% (Tablel3).

For the offshore stratum dbed on the default value g of 0.14 anda fully-selectedageof 8 yeas),

the fishirg mortality estimate @s0.18, corresponihg to a spawner biomass per recruit raifr4% at
M=0.14. This indicates that at recent levels of fishing mortality, the expected contribution to the
spawning biomass over the lifetime of an averafjghorestraum recruit has been reduceddbout

74% of the contribution in the absence of fishi@ffshoreFy«sprestimates foM values of 0.11 and
0.17ranged fronb4% to 95% (Table13).

3.9 Pot catches as a proxy for abundance and size structure

Video counts versupot catches

Due to sea conditions (i.e., swells over 1.0 m angldor bottom water visibility)only five sites were
able to be surveyed with flown video transects prior to potting in the 2013 south Otago Shevey.
2013 north Otago potting survey encdeed similar environmental difficulties (Carbines & Haist
2018), and was able to video sun@y one site prior to potting (Figure 17o further investigate the
relationship betweepotting survey catch rates and size structure with dimesitu video observations of
blue cod in the general Otago region, the 2013 north Otago site was pooléfiitn 2013 south Otago
potting survey site§lable 16)

A total of 28 drop underwater video (DUV) transectsyper sitewere undertaken &ive soutth Otago
and one north Otago random potting survey gBéspot lifts)directly prior to samplingvith type 2
surveypots(Table 1§. The DUV surveyedver 18km of transects with an average transect width of
2.7m (s.e. £ Al m) covering a total area @6 100m?. A total of 2777blue cod were observed using
DUV, while thesurveypots caught78blue cod (Tabld6).

Species caught and observed

A total catch of483individuals was taken by pots at concurrent DUV surveyed sites, 99% of which
were blue co@Table 17). At the DUV surveyed sites, bycatch from potting included two fish and one
crab species. Total potting bycatch included two tarakibinfadactylusma cropter$wo paddle crabs
(Ovalipes catharusand one leatherjackeRérika scabe).

A total of 3143 individuals were observed in DUV transects, 88% of which were blue cod (Table 18).
Fourteen fish species, one crab and one squid species were observed in DUV transects, the five most
common of which were tarakihi, sea perdtelicolenusspp.), mddle crabs, southern bastard cod
(Pseudophycis barbataand girdled wrasséNptolabrus cinctus
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Length frequency comparisons

Fish observecdeither off the bottom or a4 cameraangle over 45 degreegere removed(n=173) to
improve precisionSee Carbines & Usmar2013), and the resulting proportional length frequency
distribution showedhatthe DUV sampleda considerablygreater proportion dflue cod below 20 cm
thanwas caught byots (Figure B). Potsalsocaughtproportionally more blue cod ove®2m, and he
cumulative distribution plots of length frequency confirthat the videoobservationshad a much
higher proportion of smaller fish than pots (Figu8}.

Comparison of catch rates and counts

Fish densities estimated by the asseept DUV methd for three size classes bfue codare shown in
Figure 19. Seventy percent of all blue cod observed by the DUV were at site 5R2 which recorded an
average total density of 21.2 blue cod per 18@swe. + 5.3). Be 5R2had very high densities of fish
bdow 30 cmandsite 5R4 hadrelatively high densities of legal size blue c&dbsequentlthese sites

had the highestatch ratesf fish below and above 30 cm respectivéigure 19) However, the
proportional differential between what was observed thed caughtincreased with each size class
(Figure 19).Relatively low densitiesof fish observedat the northOtago site (1R1}ite alsopreceded
relatively highcaches(Figure D).

Potscaught fewfish below 20 cn{Figure 19) butthe correlation betweethe averagsite density and
catch ratavas 085 (Figure 20). Fofish 20 29 cmandof legal sizehecorrelations between the average
sitedensity and catch rate weré88.and 0.89 respectively (Figure 2@l correlations were strongly
influenced by herelativelyhigh counts and catch at sitesZ&hd 5R4(Figure 20).

Benthic habitat descriptions and utilisation

Within the area swept by the DUV, 147 general habitat breaks were identified and #B88dsbndent
habitat transects were recorded witthiem (Table 16). A total of 2777 blue cod were observed with
associated habitat using DUV (Table 1B&nthic habitat data from tH2UV methodare presenteith
Figures 21 and 22and a ratio ofish-dependent and fisindependent habitatbservations wassed to
determine which primary substrata and secondary habitat strublueegod aredisproportionately
more associated with.

In total, seven types of primary substrate were observediheniishindependent habitat observations
show themain primarysubstrates werbedrocksand sand/shell/gravel, and saifgigure 21). The
smallest bue cod(less than 20 cmyvere observed mostly witshell grit/gravel, 2029 cm blue cod
were observed mostly with bedrock/sand, gl sizeblue cod were observed miystvith sand/shell
grit (Figure 2).

The main primary substrates observed in-tispendent habitat observations weeelrock/sand, but
theratio of the substrate category proportions observed betweealgjmndent veus fishindependent
habitat obsentions (i.e., substrate category occupancy in proportion to its availability), showed that
smallerblue codweredisproportionatehassociated witlshell grit/gravé while larger blue cod were
disproportionatelyassociated with sand/shell grit and gra#egure 2).

In total thirteen types of secondary habitat structures were observed, and-thddsgndent habitat
observations shothatthe main secondary habitat structures observed were horse niEggais 2).
Blue cod of all size classes werealsbserved frequently withorse musseland various forms of
sponge (Figure 2. The ratio of fishdependent and fisindependent secondary habitat categories
confirmsthat larger blue coderedisproportionatelyassociated withorse mussels and varioiesms

of sponge while smaller blue codvere disproportionatelyassociated wittsponge/horse mussel,
sponges, and bryozoa(fagure 2).
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4 DISCUSSION
4.1 Survey time series

The 203 blue cod potting survey was the second random site survey deaetimOtgo, but the first
to include all six stratéFigurel). The overall catch rates of all blue cod (TaBlend legal sized blue
cod (at least @cm, Tabled) increasedt2% and76% respectivelysincethose recorded in thieitial
2010random site pottinguivey for strata 1, 3, and @ee Figure). In 2013, there was an increase in
catch ratesn both strata 3 and for all blue cod and legal sized blue ¢echile catches in stratum 1
remained relatively stable (Figure Zhe overall CV for the 2@surveycatch rates wak9.9% for all
blue cod an@3.0% for legal sized blue cod (Tabldand4) andweremarginallyhigher than the overall
CVs fromthe previous2010survey(Beentjesk Carbines2011).

4.2 Reproductive condition

Observations of gonad stagesm inshore strata i2013 were mainlyin the earlymatuing stage pbut
with some running ripe and spent goséiable6). This indicates that the timing of the survautumn)
followed the conclusion of thegewning season and was consistent with the prevsawey Beentjes
& Carbines2011). Observations of gonad stagesthe offshore stratum in 2013 were also mainly
the early maturing stager males but 46% of females haghent gonads (Tabl@. This indicates that
blue cod in the offshore area hadnm recentlyconcludedthe spawning seasdhanin the inshore
strata, and was not consistent with the previous survey (Beentjes & Carbines 2011)

Observation ofunning ripe and spent gonaatshis time of year suggest a longer spawning period than
previously thought (Carbines 2004a)Furthermore, differences between the inshore strata and the
offshore stratum show botmporal andpatial variability in thespawningperiod of south Otago blue
cod.As the 203 potting survey was undertaken outside itien spawning period it was not possible

to determine sizerageat-maturity.

4.3 Size and sex ratio

Thebalancéd overall sex ratidor all blue cod(1:0.8 M:F, 56% malg was not consistermong strata
(Table 5). he Otago Peninsula stratum {#asheavily male dominated (1:0.M:F, 88% male), while

the inshore stratum 5 (1:1.4 M:F, 42% male) and the offshore stratum 3 (1:1.3 M:F, 43% male) were
female dominated for all size blue cod (Table F)r legal size blue codaf least30 cm) only the
offshore statum was female dominaté@able 5)

Blue cod are protogynous hermaphrodites with some (but not all) females changing into males as they
grow (Carbines 2004a). The finding that males were larger on average than females andatigaisthe |

fish were mals (Tableb) is consistent with the sex structure in a protogynous hermaphrodite. However,
the male skewed sex ratios of legal sized blue cathénmost accessiblstrata are contrary to an
expected dominance of females resulting from seledistdng (MLS) remonng the larger terminal

sex malesCarbines (2004 hypothesied that the shift towards a higher proportion of males in heavily
fished blue cod populations may be caused by removal of the inhibitory aggressive behavioural effects
of large males resdting in a higher rate (and possibly earlier onset) of sex change by the remaining
primary females (e.g., Kobayashi et al. 1993a, 1993b). This hypothesis is supported by the
predominance of males the inshore stratanostaccessible tdishing.

4.4 Population length and age structure

Length frequency distributior(&igure 3)werequite different between the deeg@ter offshore stratum
(72% legal sizeqnd the inshorstrata (37% legal sizeQffshore blue cod were mainbver 3 cmand
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there werdew fishbelow 2 cm (Figure 12)while inshoreblue cod were mainligelow 25 cm(Figure

11). The average sizef offshore blue codwas 6.5 cm and 8.0 cm larger for male and females
respectivelythan for inshorélue cod(Table 5).Inshore, here was aery large numberof blue cod
betweenl8 cm and24 cm(Figure 11),caught mainly irstrata2, 4 and Soff the Taieri and Dunedin
coastqFigure 1) Notethatthese three strata were not surveyed in the 2010 survey (Beentjes & Carbines
2011).

In 2010 only stratd, 3, and 6 were surveyed (Beentjes & Carbines 2011). When only these strata are
comparedn 2013,theaveragesize has increased by 5.8 cm for males and 4.6 cfermles since the

2010 surveyBeentjesk Carbine2011). Average size increasedthin all strata but most dramatically

in the offshore stratunby 9.9 cm for males and 7.2 cm for femalegile the proportion of legal sized

blue cod caugh the three comparable strataloé 20B south Otagsurvey(49%) roseby 28% since
the2010 survey21% in Beentjes& Carbines 2011).

The age distributions, and total mortality estimates are based on scaled length data that were weighted
(scaled) by straim area. Scaling by area assumes that the size of each stratum is directly proportional
to the amounof blue cod habitat(i.e., area is assumed to be a proxy for hghitabugh this seems
unlikely for blue cod habitat isomeareas (Carbines & Cole 2009, Carbines & Haist 2012, 017
20178. With improving seabed habitat mapping, in future it mapdssible to scale catch data to more
detailed estimates of the actual areas of suitable blue cod I{Rigtats 21 and 22yithin each stratum

I as was recommended by the expert review panel following a workshop on blue cod potting surveys
in April 2009(Stephenson et al. 2009). However, as area is currently the only available proxy for blue
cod habitat it was used for scaling.

Theoverallscaled length frequency distribution for the 2&buth Otagaurvey(Figure 13)showsa
dominant size clasdrom 18 cm to 24 cnmamong inshore strata, 4 and SFigure 3). The resulting
population age structutess a steep decliffieom four to five years, buage classes arelativdy stable

out to 11 yearswith a low proportion of fish older thab5 years.In contrast, he 2A.0 south Otago
survey(strata 1, 3, and 6 onlyjadvery fewblue codless than 20 cm and reasonably similar strata
length frequency distribution€arbines & Beentjes 2012)

4.5 Total mortality (2)

Although nortality estimatesZ) from the2010 south Otagsurvey (0.250.27, age at recruitmenit 8
years, Beentjes & Carbines 2011) were not derived from all stratal( 3, and 6 only), thewere
higher tharestimates froneither inshore strata (0.0@.21, age at recruitment 8 years, Table J)Cor
the offshore stratum (0.18.18, age at recruitment & years, Table 11) of the 2013 north Otago survey

4.6 Stock status (spawning biomass per recruit ratio analyses)

The Ministry of FisheriedHarvest Strategy Standar@Ministry of Fisheries 2011) spiies that a

Fishery Plan should include a fishery target reference point, and this may be expressed in terms of
biomass or fishing mortality. The more appropriate target reference point for blueFsggd,isvhich

is the amount of fishing mortality thagsults in the maximum sustainable yield. The recommended
proxy for Fusy is the level of spawner per recruitder ThedOp er at i onal Gui del i nes
Har vest St r éMinestyywfFiSherees 201 inctlides the following table of reconemded

default values foFusy (expressed asidserlevels from spawning biomass per recruit analysis), and also

for Busy (expressed as %B
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Productivity level %Bo Foespr

High productivity 25% Fz0%
Medium productivity 35% Fao0%
Low productivity ~40% Fas%
Very low productivity O 45% O sob
Based on thé Oper ati onal Guidelines for New Zeal and6s

Fisheries 201) and recommendations from the Southern Inshore Working Giolup, cod is
categorised as an exploited sigscwithlow productivity (on account of complications related to sex
change)nd hence the recommended default proxy fex ks Fusw. Our SPR estimates for the default
M value of 0.14 were gn.for inshore strata, anes, for the offshore stratum of tH013 south Otago
survey(Tables 13 and 14)ndicating thathe expected contribution to the spawning biomass over the
lifetime of an averageshore and offshoreecruit has been reduced3@% and 7% respectivelyof

the contribution in the absence @fHing. This is a relatively lowevel of exploitation (Frompared to
other potting survey area estimates (MinistnyPrimary Industrie2017)andthe Fusy target reference
points are well withinthe Ministry of Fisheriespecified target.

Sensitivityanalyses using M values of 0.11 and 0.17 (20% below and above the default of 0.14) resulted
in substantial differences in tle.sprfrom the default M value (Taldel3 and 14see Figurel4 and

15). A higher natural mortality (0.17) increased spawnirantaiss contributiomo 73% inshore and

95% offshore Conversely, lowemortality (0.11) decreased the spawning biomass contribution by
similaramouns.

4.7 Does potting provide arobust index of abundance and size structure?

Fishing gear, bait type and sotilne are standardised in blue cod potting surveys (see Beentjes &
Francis 2011), but other factors such as fish behaviour and environmental features can influence
catchability and size selectivity in passive capture methods such as potting (Furevikdg@dy &

Addison 1997, Robichaud et al. 2000). Cole et al. (2001) found that blue cod catch rates were unrelated
to both time and tide in the Marlborough Sounds. However, when compared to diver transects, pots
tended to undesample small blue cod, beisglective for fish over 15 cm (Cole et al. 2001). While
there was a positive relationship between blue cod catch fromRob#&n 1 from Beentjes & Francis

2011) and diver transects, it was weak and much of the variation remained unexplained (Cole et al
2001).

During the 2010Marlborough Soundpotting survey concurrent observations of blue cod abundance
from a flown dropped underwater video (DUV) walso usedat 20 survey sitetd investigate the
relationship betweenbserved densitgnd sizes of ble codand subsequemtch inninetype 1 pots
(pot planlin Beentjes & Francis 2011fhe DUV had a much higher proportion of small blue cod than
the type 1 pots, and a correlation between average density and catch was 0.27 fe@dlBaod blue
cod 30 cm or morgBeentjes & Carbines 2012Puring the 20D Foveaux Straitpotting survey
concurrent observations of blue cod abundance from a B&Péalso obtained froml7 siteswith type

2 pots (pot plan 2 in Beentjes & Francis 20IMHe DUV againhada higher proportion of small blue
cod than the type 2 pots, and a correlation between average density and catcly @& for all and
0.54 for blue cod 20 cm or more (Carbines & Beentjes 20t2he current study, the DUV also
sampled a much greatproportion of blue cod below 20 cm (Figure 18Bpwever, he correlations
between blue codensityobserved by video and the subsequent aatigs intype 2 survey pot the
current study were considerably stronfygrall size classes of blue c@ligure 2(Q than those observed

in similar studiesof both type 1 potg¢Beentjes and Carbines 2012) and type 2 p0trbines and
Beentjes 2012Carbines & Haist 2014, 2017a, 2017b)

Continuous video recordings of blue cod entries and exits from pots alaotisht less than 8% of
approaches lead to entries, and that local topography can constrain pot entries in some situations (Cole
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et al. 2004) Environmental conditions that maximise catchability strengthen the relationship between
what is observed in sitand what is subsequently caught, and during the current, siitely seem to

have been more homogenoudpenthic habitat, with few fish independent observataim® structure
(Figure 22).After severalcomparisonsit has become clear thatrqvious studés with weaker
catchability hadobservedmostly "no structuré among fish independent observations (Beentjes &
Carbines 2012, Carbines & Beentjes 2012, Carbines & Haisgt, 200l &, 2017b), andthe stronger
relationship between catch and count observélarturrent studynay be due to a more homogenous
benthic environment among the sites di#¢o surveyed with flown video transects (n=6) in the Otago
surveys.

Potshaveboth size selectivity issues ahijh spatial variabilityn catchability of blue cd (Cole et al
2001, Beentjes & Carbines 2012, Carbines & Beentjes 2012, Carbines & Haist 201a},220711).
Consequently, catch rates and mortality estimates shwalzhblynot be compared between survey
areas

4.8 The importance of benthic habitat structure

By using the ratio offish-dependent and fisindependent habitabbservations it was possible to
determine which primary substrate and secondary habitat categories blue cod were found in association
with at a higher ratehanobserved randomlin the benthic environment. Blue cod were most often
found on shell grit/gravel, sand/shell grit/gravel and sand/shell (figure 2) with horse mussels

andor sponge (Figure 2. Unlike most other areas DUV surveyed, there were relatively few areas
devoid d secondary structure observed in south Otago and the "preferred" blue cod habitats of horse
mussels and/or various forms of sponge were also the most common habitats observed in the benthic
environment (Figure 22)his relative abundance of "preferreduié cod habitat in the Otago DUV

survey sitesappears to be particularly important to small blue cod (Figure 22)sdikély the driver

of some of the highest abundance estimates of blue cod ever re(@alecet al 2001, Beentjes &
Carbines 2012, Caires & Beentjes 2012, Carbines & Haist 2014, 2017a, 2017b).

Data on fish abundance and habitat from video provide information regarding environmental variables
that appear to affect blue cod density and size structure. It identifies benthic habitatacnces of
particular importance and allows for the construction of habitat maps, which will be particularly useful
in terms of stratifying future potting surveys for more accurate scaling of relative abundance estimates
(Stephenson et al. 2009)ideo habitat data also provides a unique understanding of the ontogenetic
needs of fish and can provide habitat information for other management purposes.
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Table 1: South Otago2013 survey stratum area, nunber of phase 1 and 2 sitegot lifts, and depth of sites.

Number o Number of

Size of strat* Selected sitef0) pot lifts (0) Depth (m'
Stratum Area (kn) Phase Phase Total Mear Rang
1 154.¢ 6 2 42 283 1441
2 245.¢ 6 2 42 247 16132
3 177.¢ 6 36 121.2 104/ 151
4 426.2 6 36 542 4060
5 196.¢ 6 36 60.c 4569
6 251.2 6 36 58.€ 2972
Total 1452.¢ 36 4 240 54.7 14i151

Table 2: Catch weights, numbers of blue cod, bycatch species, and percentage of total weigbin the 2013
south Otagorandom sites(n=40) survey.

Catcl Percent ¢
Common name Scientific name (kg) Numbel total catcl
Blue cod Parapercis cdhs 1287 2397 98.1:
Octopus Octopus cordiformis 14.1 3 1.08
Tarakihi Nemadactylus macropterus 6.2 40 0.47
Scarlet wrasse Pseudolabrus miles 1.8 5 0.14
Red cod Pseudophycis bachus 1.6 6 0.12
Banded wrasse Notolabrus fucicola 0.5 1 0.04
Paddlecrab Ovalipes catharus 0.3 2 0.02
Total 1311t 2454 100.0¢
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Table 3: Mean catch rates for all blue cod caughin all strata of the 2013 south Otagorandom site survey,
with the inshore strata and the offshore stratunmpresented separategl. Catch rates are expressed as kg.pot
Land s.e. and CV are sebased estimatess.e., standard error,CV coefficient of variation.

Stratum

oo OB~ WDN P

Total

InshoreStraga
OffshoreStratun

Sites

O OO OO O O

40
34

6

Pot lifts
(N)

48

48

36

36

36

36

240
204
36

Mear
(kg/pot)
0.79
1.35
5.37
6.51
7.37
13.6%

6.24
6.36
5.37

s.e
0.79
0.99
2.84
2.64
2.24
4.8C

1.24
1.36
2.84

CV (%)
100.0(
73.3¢
52.88
40.5¢
30.4¢
35.1¢

19.8¢
21.3¢
52.8¢

Table 4: Mean catch rates for blue cod 30 cm and over (ML# BCO 3) caught in all strata of the 2013
south Otago random site surveywith the inshore strata and the offshore stratum presented separately.
Catch rates are expressed as kg.pétand s.e. and CV are sebased estimates. s.e., standard error, CV

coefficient of variation.

Stratum

oo 0ok WDN P

Total

InshoreStragt
OffshoreStratun

Sites

O OO O OO 0

40
34

6

Pot lifts
(N)

48

48

36

36

36

36

240
204
36

Mear
(kg/pot)
0.7C
0.98
4.95
5.07
3.78
12.82

5.06
5.08
4.95

s.e
0.7C
0.82
2.82
2.32
2.13
4.72

1.17
1.27
2.82

CV (%)
100.0C
83.6E
57.02
45.7¢
56.32
36.8E

23.03
24 .9¢
57.0¢
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Table 5: Mean lengths of blue cod in the 203 south Otagorandom site survey, by strata and sex: m, males;
f, female. The ®x ratio is shown as the number of femaleper male, and the percent of malesshownin
brackets) is also given forll blue codand those overthe MLS (30 cm). The overall calculation is also done
for inshore sites only (i.e., excluding the offshore stratum 3).

Length (cm  Sexratio M:F (%male)

Strata Sex N Mear Minimum Maximunr  Allbluecod 2 30cm
1 M 49 338 23 44 1:0.1(87.5) 1:02(86.9
F 7 29.C 22 32
2 M 90 31C 20 44 1:0.5(65.7) 1:01(92.0
F 47 23.8 15 41
3 M 95 37.¢ 17 53 1:1.3(43.9 1:1.1(48.9
F 125 321 12 47
4 M 296 30.€ 18 55 1:05(66.7) 1:03(75.0
F 148 27.3 18 48
5 M 421 26.1 17 51 1:1.4(41.5 1:04(70.9
F 593 214 13 44
6 M 366 38.C 16 54 1:0.469.6 1:03(77.9
F 160 30.8 13 5C
Overall (unweighted) M 1317 31.9 16 55 1:0.854.9 1:04(72.6)
F 108C 25.C 12 5C
Overall (unweighted) M 1222 314 16 55 1:0.8(%.1) 1:0.3(77.3)

Inshore Strata only F 955 241 13 5C

Table 6: Gonad stages ofouth Otagoblue cod inthe 2013 random site survey inshore strata {.e.,excluding
stratum 3). 1, immature or resting; 2, maturing (oocytes visible in females); 3, mature (hyaline oocytes in
females, milt expressible in males); 4, running ripe (eggs and milt free flowing); 5, spent.

Inshae Gonad stage (¥

1 2 3 4 5 N
Males 8.3 914 0.0 0.1 0.2 122z
Females 3.2 96.6 0.0 0.0 0.1 955

Table 7: Gonad stages ofsouth Otagoblue cod inthe 2013 random site survey offshore stratum (3).1,
immature or resting; 2, maturing (oocytes visible in females); 3, mature (hyaline oocytes in females, milt
expressible in males); 4, running ripe (eggs and milt free flowing); 5, spent.

Offshore Gonad stage (¢

1 2 3 4 5 N
Males 11 937 11 11 3.2 95
Females 5.6 464 24 0.0 456 125
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Table 8: Otolith raw data used in the catch at ageZ estimates and SPR analyses for 28 south Otago
inshore random sites(i.e., all strata excluding stratum 3)

No. Length of aged fish (cm Age (years)
Survey otoliths Mean Minimum Maximum Mean Minimum Maximum
Total 305 32.0 13 55 9.7 2 32
Male 176 35.1 16 55 10.7 2 32
Female 129 279 13 48 8.2 2 25

Table 9: Otolith raw data used in the catch at ageZ estimates and SPR analyses fothe 2013 south Ctago
offshore random sites (i.e., stratum 3 only)

No. Length of aged fish (cm Age (years)
Survey otoliths Mean Minimum Maximum Mean Minimum Maximum
Total 200 34.5 12 53 104 1 29
Male 89 37.7 17 53 10.2 3 29
Female 111 31.8 12 47 9.8 1 28

Table 10: Blue cod total mortality estimates Z) with 95% confidence intervals and correspondingpawning
biomass per recruit ratios (assuming M=0.14)for ages of ecruitment (AgeR) from 5 to 10 for the 2013
south Otagorandom site survey inshore strata (i.e., excluding stratum 3)

ChapmarRobson Z
Confidence intervals

AgeR Z Lower Upper %SPR
5 0.18 0.14 0.25 72.84
6 0.19 0.14 0.26 70.18
7 0.20 0.15 0.27 64.28
8 0.21 0.15 0.28 61.76
9 0.22 0.16 0.31 57.34
10 0.25 0.18 0.35 48.82

Table 11: Blue cod total mortality estimates Z) with 95% confidence intervals and correspondingpawning
biomass per recruit ratios (assuming M=0.14)for ages of recruitment (AgeR) from 5 to10 for the 2013
south Otago randomsite survey offshore strata (i.e., stratum 3 only)

ChapmarRobson Z
Confidence intervals

AgeR z Lower Upper %SPR
5 0.13 0.10 0.18 113.22
6 0.14 0.11 0.20 97.46
7 0.16 0.12 0.23 83.48
8 0.18 0.13 0.25 74.23
9 0.19 0.14 0.26 69.60
10 0.21 0.15 0.30 61.80
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Table 12: Blue cod total mortality estimates Z) with 95% confidence intervals and correspondingpawning
biomass per recruit ratios (assuming M=0.14)for ages of recruitment (AgeR) from 5 tol0 for the 2013
south Otago rardom site survey all strata.

ChapmarRobson Z
Confidence intervals

AgeR 4 Lower Upper %SPR
5 0.17 0.13 0.24 76.78
6 0.18 0.14 0.25 70.94
7 0.20 0.15 0.27 63.62
8 0.21 0.16 0.28 60.97
9 0.21 0.16 0.29 60.11
10 0.24 0.18 0.33 52.8

Table 13: Mortality ratesand spawning biomass per recruitratios, assuming an age of recruitment 09, at
three values of M(natural mortality) for the 2013 south Otagorandom site survey inshore strata (i.e., all
strata except stratum 3) Z=total mortality .

M Y4 %SPR
0.11 0.22 42%
0.14 0.22 57%
0.17 0.22 73%

Table 14: Mortality ratesand spawning biomass per recruit ratios, assuming an age of recruitment of &t
three values of M(natural mortality) for the 2013 south Otago rardom site survey offshore stratum (i.e.,
stratum 3 only). Z=total mortality .

M z %SPR
0.11 0.18 54%
0.14 0.18 74%
0.17 0.18 95%

Table 15: Mortality ratesand spawning biomass per recruit ratios, assuming an age of recruitment of &t
three values of M (natural mortality) for the 2013 south Otago random sitesurvey all strata. Z=total
mortality .

M z %SPR
0.11 0.21 45%
0.14 0.21 61%
0.17 0.21 78%
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Table 16: Drop underwater video (DUV) and pot sample detail§rom random sites of the north and south
Otago surveys Stations are transects and pots*=equivalent number of fish-dependent habitat quadrats.

Sites
Stations

Habitat sections
Habitat quadrats

Total transects length
Mean transect length
Mean transect width
Total area swept

Blue codnumber
Blue cod &ngth range (cn

Blue cod nean lengtht se

North Otago Surve
DUV Pot:

1 1
5 6

25 -
125 -

2720 -
544 m (+ 65.7
23m (0.1 -
5979

133* 98
10i 39 18144
21.2+0.5 28.3+0.¢

South Otago Surve

DUV

5
23

122
610

15 608 n
679 m (+ 34.0
2.7m (0.1
40 121 M

2644*
550
18.3+0.]

Pot:

5
3C

38C
15154
29.2+0.!

Table 17: Pot catch, numbers of blue cod, bycatch species, and percentage of total nunté&om the 6
potted video sitedrom the north (TRI11301) and south TRI1302) Otago potting surveys

North Soutt Total Percen
Common name Scientific name Site(1) Sites(5) Numbel  catct
Blue cod Parapercis colias 98 380 478 99.C
Tarakihi Nenadactylusma cropterus 2 2 <0.1
Paddle crab Ovalipes catharus 2 2 <0.1
Leatherjacket Parika scaber 1 1 <0.1
Total 99 384 483  100.C
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Table 18: Drop underwater video observed numbers of blue cod, bycatch species, and percentage of total
numbers from 6 potted video sitesrom the north (TRI1301) and south TRI1302) Otago potting surveys

North Soutt Total Percent @

Common name Scientific name Site(1) Sites(5) Numbel total catct
Blue cod Parapercis colias 133 2644 2777 88.4
Tarakihi Nemadactylusma cropterus 178 11 189 6.0
Sea perch Helicolenusspp. 64 64 2.0
Paddle crab Ovalipes catharus 27 27 0.9
Southern bastard cod Pseudophycis barbata 14 14 0.4
Girdled wrasse Notolabrus cinctus 1 12 13 0.4
Scarlet wrasse Pseudolabrs miles 13 13 0.4
Skate Rajaspp 2 7 9 0.3
Banded wrasse Notolabrus fucicola 8 8 0.3
Spotty Notolabrus celidotus 7 7 0.2
Flat fish Rhombosoleapp 6 6 0.2
Blue moki Latridopsis ciliaris 2 4 6 0.2
Pig fish Congiopodus leucopaecilus 4 4 0.1
Redcod Pseudophycis bachus 8 3 3 0.1
Bigeye Pempheris adspersa 1 1 <0.1
Carpet shark Cephaloscyllium isabellum 1 1 <0.1
Squid Nototodarusspp 1 1 <0.1
Unidentified 1 <0.1
Total* 346 280¢€ 314z 100

Ministryor Primary Industries BCO south Otago 223



Taiaroa Canyon

Papanui Canyan
DOm

Saunders Canyon

10 20

kllometres

Figure 1: Stes surveyael in the 2013 south Otago random stratified site pottingsurvey.

281 BCO south Otago 2013 Minstry for Primary Industries



20 - w2010
02013
15 -
c
§_ 10 -
o
4
5 .
0 '_ﬁ_-l-_‘ T Ill T T T T T |
1 2 3 4 5 6 Overall
Sstrata
20 1 W 2010
02013
15 A
=
S 10 -
2
O I L% T ll‘ T T T T T 1
1 2 3 4 5 6 Ovwerall

strata

Figure 2: Catch rates(kg.pot™) and 95% confidence intervas for all blue cod (above)and those ® cm and
over (below) from the 2010 and 2013 south Otagorandom site survey. Strata and sites are shown in Figure
1
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Proportion at length
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Figure 3: Unscaled proportion length frequency distributions by sex within stratumfor the 2013 south
Otago survey. Length frequency distributions by sex for both theinshore (all strata except stratum 3) and
offshore (stratum 3 only) areas of the 2013 south Otagsurvey are also shown Proportions for each sex
within each stratum sum to 1.Strata are shown in Figurel.
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Figure 371 continued
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Figure 4. Inshore strata (excluding stratum 3) of the south Otagd?013 survey comparison of individual
reader age class estimates from otolithén=305), on the left plotted against each otherwith the 1:1 line
plotted (solid) fitted. In the right panel the agreed age cks estimates s pl ot t ed agai nst

estimateswith a polynomial trend line fitted for each reader.
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Figure 5: Offshore stratum (stratum 3 only) of the north Otago2013 survey comparison of individual reader
age class estimates fromtoliths (n=200), on the left plotted against each othemwith the 1:1 line plotted
(solid) fitted. In the right panel the agreed age class estimatess pl ot t ed agai nst

estimateswith a polynomial trend line fitted for each reader.
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Figure 6: Cumulative distributions for length and age oblue cod for the 2013south Otago inshore strata
and offshore stratum.
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Figure 7: Observedage and length data by sex for inshore stratéexcluding stratum 3) of the 2013 South
Otago survey.Von Bertalanffy growth models, fitted to the data, are also shown.
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Figure 8: Observed age andength data by sex forthe offshore stratum (3) of the 2013 South Otago survey.

Von Bertalanffy growth models fitted to the data, are also shown.
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Figure 9: Observed age andength data by sex forall strata of the 2013south Otago survey.Von Bertalanffy
growth models fitted to the data, are also shown.
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Figure 10: Comparison of inshore and offshoremale and female von Bertalanffy growth curves.
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Figure 11: Scaled length frequency, age frequency, and cumulative distributions for total, male, and female blue cod for
inshore strata (excluding stratum 3) of the 2013 South Otagosurvey. MWCV, mean weighted coefficient of variabn.
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Figure 12: Scaled length frequency, age frequency, and cumulative distributions for total, male, and female blue cod for
the offshore stratum (3) of the 2013 South Otagosurvey. MWCV, mean weighted coefficient of variation.
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